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Prescribed Performance Control of Redundantly-actuated Cable Driving

Parallel Robots Subjected to Output Constraint

CHEN Zheng-Sheng"? CHENG Yu-Hu"? WANG Xue-Song"?

Abstract This paper proposed a prescribed performance finite-time control algorithm of redundantly-actuated
cable driving parallel robots (RCDPRs) considering output constraint. Firstly, the Newton-Euler equation is em-
ployed to establish the dynamic model of the system, and the optimization model for all cables was constructed to
guarantee properly operation. Then, the output constraint problem is transformed into coordinate transformation
problem of the position tracking errors, also the appointed time decay function and the asymmetric transformation
function are designed to transform the tracking errors into unconstraint variables, thus the output constraint is real-
ized. Meanwhile, aiming at the chattering problem, the uncertainty and disturbance estimator is proposed, and the
adaptive algorithm is designed to compensate the estimation error, on the basis of which, the accuracy-driven ter-
minal sliding mode surface with three-order continuity on the segment point is proposed and applied in controller
design. Finally, the Lyapunov function is used to prove that the proposed algorithm has finite-time convergence
characteristics, and a seven-degrees-of-freedom RCDPR is used as the control object for simulation research to
demonstrate the effectiveness of the proposed controller.
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Structural schematic diagram of the RCDPR
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diag {p1 (2)} (K12 + K2p2 (2)) — diag {p1 (2)} -
(Klz + K2f)2 (Z))) + K}MS +

s _ 1
K, M tanh <g)) x L1 (Ts) (44)
2.5 BIAWELMEIERR
EIE 1. FBE ARG (10). RBNMETHE (44).

A (38) ~ (40), MM R s HIRERRZE 2 &
2 A BRI TSI ).
MERR. ZE BAEW] 73y 2 NP ER, APER 1
WV AR T B AT A BRI ) S SRe 8, S8R 2 0o &
EREFRZE 2z SRR 2 ISR SiIX 3.
HER 1. 9k DI R AR SRR, Mg R
Lyapunov EA%{:

+2= (45)
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KRG AT

V:sTé-i-é;f:
S (2 -+ ding (1 (2)} (K12 + Kopa () +
ding (o1 (2)} (K + Ko () ~ S0 (16)

RIEGIE 1, IR (41) RN (46), IS
V = — s"xA(K;3s + K, tanh (g) + M~ 'd) -

€k

< —STXAK3S —
A2

(1%41‘ + Vo) oipi (|si| —0.2785¢) +

i=1
i
[T xA lel = =~

YollxA [sllly +0.2785¢| KuxAll, +

< —s"™YAK;3s —

T le] - Sk "

W EE RN R (42) AR (47) 715
V < —s"xXAK3s — 0l xA s, +

0.2785¢]| Kax A, + | 87| xA ‘5‘ -

T 7)\1]%4 + AaxA |s]

'3 . =

— s"xAK;s — ol xA |s]||,+

€Tk

A2

HRAERA €k =€7(6—€) < €7¢/2-

£7¢/2, BN (48) A5

V < — s"xAK;3s — vol[xA s, +

0.2785¢|| K4 xAll, + (48)

Te  ¢Te
0.2785¢ | Ky x A, + % (55255 +
2
(€9 (€9 s'Kys Kyls|
7z RN

M[ETE (€TEN°
M<:2+<2

N——
ol=
N——
+
Q
(=)
INA
\
=]
E'wx
V)
—
V)
\

1
—o1V2 + o0y

H, K =vV2yxA, K¢=2xAK;3, 0= A/
(€7¢/2+ (€7¢/2)""), ov = min {AE, M/ 2} A,
R < BN 3B 2 AT K0, F77E 0 <
0 <1, s FEATIRIN A T,y PO IRERE S — (XK, 8K
10 15y

904
o= {alllsil < = = o}

1
2 2
7 )

(50)

et

Hrr oo, = M&T&/ (2X02) + >\1/)\2(€~1~T§~i/2)1/2~
S 2. WP (50), 432 |s;| > do B, WHEL
Il s; B A BRI R SCSRe 1. ARSI 3, 2, A
BELESS TRT WAL S IX 3R Q1 = {24 [|2:] < max{|dos|/ (ki +
Bzikai), Avit}- O

3 HRMESWIE

NS | A A R, A SCRLIE 2 Fros A
A 7 A SCHERTUAR KB 48 R IR N 5 X 5
BATHEEDT I, Hlas Nigsh 2 S8 5 itk 28k 1
53R 2, B AR BB 5K B AR L0 A O [ AR AR
R TNE.

|

| 3|

I ._‘.

| | ik Jlr‘ :

| Z 5 i o 7
I\y( ___\_:XA
|1-A Y 6 I//
A5 N\

K2 #F 7134 R RCDPR
Fig.2 The RCDPR with 7 driving cables

# 1 RCDPRIEHI¥ZH (mm)

Table 1  Kinematic parameters of the RCDPR (mm)

ZH Ul 28 HE
by [0, 0, 1000] a [~150, ~100, 50]
b, [100, 0, 1000] a 150, —100, 50]
by [1000, 1000, 1000] ay [150, 100, 50]
b, [0, 1000, 1000] a [~150, 100, 50]
b, 500, 0, 0] as [0, =100, —50]
bs [1000, 1000, 0] ag [150, 100, —50]
b, [0, 1000, 0] a [~150, 100, 50]
r 20

DAL AR ST HE PR T RE A PR ) 42 ) B35
A Rk, K A EEAT BLR T R 1) ASCEE (Pre-
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%2 RCDPR M2 2 R0 25 75 98 A T AT KA A BRIEA TR BE . 4K

Table 2 Inertial parameters of the RCDPR

2 Eiiipa HH
m, AR 1.67 kg
I, ZTFarH R diag{2.78x10", 5.56x10", 7.26x10"} kg-mm®
I, IR T

1.2x10* kg-mm®

scribed performance sliding mode control,
PPSMC); 2) K& S T i 14 2 A A e PRis 28 S
W EE ] (Time delay estimator based nonsingu-
lar fast terminal sliding mode control, TDEN-
FTSMC)M; 3) F£T- B i& M 2" 5 UDE 9k
Y s L g AL 42 ] (Adaptive super-twisting
combined UDE based sliding mode control,
ASTUDESMC); 4) #F UDE fig##z 4] (UDE
based sliding mode control, UDESMC)®. 7E1/j &
H R EID) d=02Mg+ f+ 10%(sin 5t + sin 10¢) x
1oy 1; WIBHIEN: x9 = 459.95 mm, yo = 699.95 mm,
zo = 500.05 mm, 6y = —0.001 rad, ¢g = —0.001 rad,
©o = 0.001 rad; LK %L quadprog X=X (13) Frow
DAL TR AR, I B BN T Fs = 20 N; %%
SRR 3. Hlas NIRRT I y:
6t 15t 10t°
T (tz N tz)

x = 10cosy + 450; y = 10siny + 700
z2=0500; p=0=p=0

Hr, o<t <1, tg=1s NINTEHE %

Bl 3 B AL B IR ER R 2 L BORE]. iR
SO R T, %8 0.2 s, BRI, 0s & 0.2 s Al
BB 0.2 s 2 0.5 s ARRESHE. X T =437
), SR TR AR B AU TG E 235 9—0.1 mm &
0.2 mm, FZ1E 4 0.001 mm 5 0.002 mm. 7] AFE
i, KA TDENFTSMC 5 UDESMC K}, ~“F3)J7
) o B PR I R 22 R AN S AT I B3 Ak TR Bl
RAS, P BHIE 38 BB IA 1 mm, G888 H Tk
PEREMREA SE. R, B4R UDE 5 TDE & T %
AN R ETI Q (E 510 oV 5 s N 7 1) I Y S S 7

ASTUDESMC i, ~F-3) 77 [r Ar B B ER e 22 I T
BEWAG, BESI BIRIETE 0.25 mm A4, &M
BURMEZ15 0.004 mm. HEAR W H T FsHERE &
i, {55 TDENFTSMC 5 UDESMC # Ebi#
BSERERENNEIRT 50% 5 99% KA, X
T ASTUDESMC X H B i& M i 3 ig 532 (Ad-
aptive super-twisting algorithm, AST) XJHLaIUL N
WRIEATAME . [BINE, R A SCEIER, fEE AN S
FT I BET- 8l 77 ) 7 B R B 108 22 A0 4 O 4 e R 502
FEN. R T RS U5 ), TS R oK E AT 46 18 2 )
J9-0.001 rad 5 0.002 rad, FaZ&1E 5 0.0001 rad
550.0002 rad. %] UDESMC i, =ANEE 5 1) 1)
A 5B IR ZE Y Y ERE R B0 AL, TDENFTS-
MC BVETE o 5 2 Fah 7 RSB Bt th T 1R
B HUL S, ASTUDESMC 7E 2 585 ] e 25 B
BOB I A, Sl 2 fE L R SR A SO
B, AR 7 B R R 22 TR M R s B0 LR DA . T
DL H, SR A ST H IR X R & s I 1) 5% 12k
S, O B IR R E RS SRS B £
S8 I 1) SICEIL T 0 7 B R RS

B 4 s NS IRERR 2. TR PBh i b R
il TDENFTSMC 5 UDESMC #3377 [
{1 38 8 R R ZE TR AN IS AT I B Kb T KR B D B
KA, AP0 1A B KBRS TR AEYITE 7.4 mm /s
5 7 mm/s DL b, X R ERARASRAELE 5.5 mm/s
5 3.6 mm/s LA E; 2R ASTUDESMC Sk,
ZASBI) 5 ) I e K W A Tl BRI R 22 4y Sl IA )
7 18.7 mm/s\ 13.6 mm/s 5 12 mm/s, FaE&H B
B K R 23/ T 0.42 mm /s, HTE 0.6 s LG
X RAE/NF 0.08 mm /s, XA HFiZHEEE s
DA FLml R T 3 28 K AST B, fEVIUR
B BT B R I 1R 2 B RS A T B B B R B[R] IR ER
TR A AST 53 Ml % 2 BEAT H o3& B A, Fa
AR 2 5 AE AL #8 #EAT PL B0 45 1F ) TDEN-
FTSMC 5 UDESMC # Ht 2 25 [ R AL
BOER, =ANFEh 7 KBRS 3 R R 2 S

®3 AEHESH

Table 3

Parameters of all controllers

etk B

i

Ky, Ky, ay, ay, ag Ay, Mg, Ay, Mgy, Ay, Ayg, By,

PPSMC
Bs, Ky, Vo, T, Ay, Ao, Ty €145 €955 Moy Mooy b
ASTUDESMC ki ky a; T, €, wiy/71/2, Ade?
TDENFTSMC Py, Py, Ay Ay ki, Ky, L
UDESMC ¢, 1/a, k

1001, 501, 0.5, 1.5, 1.8, 0.01, 0.01, 0.01, 0.001, 0.001, 0.001, 5, 5, 10I,,
10, 0.001 s, 0.001, 0.01, 0.2 5, 0.5, 1, [0.2, 0.2, 0.2, 0.02, 0.02, 0.02]",

0.002[1, 1, 1, 0.01, 0.01, 0.01]", 30

1001, 50I;, 0.5, 0.001 s, 0.5, 500, 10
1001, 501, 0.5, 1.8, 0.001 s

160, 0.001 s, 20
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(d) Enlarged positional tracking error (e) Positional tracking error (f) Enlarged positional tracking error
in translation of y in translation of z in translation of z
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Fig.3  Positional and angular tracking errors
FASRERZ /N T 4 mm/s 55 0.02 mm/s, 2/ 4 s ] e I B0 077 1) B R R R R BN

T HA =M. AN, FEREE T M) b, SR A S
H VRIS = AN 7 A IR SR Z BoK, ERS R B R
ZEge /N, R RAE /N T 0.00002 rad/s. ﬁ%ﬁﬁﬂi
SCHEBEAT 7 BN RAE R ) 7 I iz 3, 45K

(7 IR AR SCR P B0 i H 240 oRAR) T3 128 RE A 1
FEORIIE (7 B B ER RS FE A RIS, 30 77 A A ) o
FhE I, A5 RN NIz 30 (10 58 3h 7 1 I 25 L BR IR
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72 ] PRAUEAEBU/INE .
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(a) Velocity tracking error in translation of x
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(¢) Velocity tracking error in translation of z
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(e) Angular velocity tracking error in rotation of y
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(b) Velocity tracking error in translation of y
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(d) Angular velocity tracking error in rotation of z
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(f) Angular velocity tracking error in rotation of z
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Fig.4  Velocity tracking error
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Fig.6 RCDPR's pull forces of the proposed controller
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